A future trend in consumer electronics will be the shift toward optically transparent devices. [1] [2] [3] [4] [5] To achieve this, potential primary power sources need to be transparent and resilient, with high capacity as well as long lifetime. [6] Supercapacitors 2D transition-metal carbides and nitrides, known as MXenes, have displayed promising properties in numerous applications, such as energy storage, electromagnetic interference shielding, and catalysis. Titanium carbide MXene (Ti 3 C 2 T x ), in particular, has shown significant energy-storage capability. However, previously, only micrometer-thick, nontransparent films were studied. Here, highly transparent and conductive Ti 3 C 2 T x films and their application as transparent, solid-state supercapacitors are reported. Transparent films are fabricated via spin-casting of Ti 3 C 2 T x nanosheet colloidal solutions, followed by vacuum annealing at 200 °C. Films with transmittance of 93% (≈4 nm) and 29% (≈88 nm) demonstrate DC conductivity of ≈5736 and ≈9880 S cm −1 , respectively. Such highly transparent, conductive Ti 3 C 2 T x films display impressive volumetric capacitance (676 F cm −3 ) combined with fast response. Transparent solid-state, asymmetric supercapacitors (72% transmittance) based on Ti 3 C 2 T x and single-walled carbon nanotube (SWCNT) films are also fabricated. These electrodes exhibit high capacitance (1.6 mF cm −2 ) and energy density (0.05 µW h cm −2 ), and long lifetime (no capacitance decay over 20 000 cycles), exceeding that of graphene or SWCNT-based transparent supercapacitor devices. Collectively, the Ti 3 C 2 T x films are among the state-of-the-art for future transparent, conductive, capacitive electrodes, and translate into technologically viable devices for next-generation wearable, portable electronics.
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To this end, substantial research efforts have been focused on developing TCEs with high transmittance (T) at a low sheet resistance (R s ). [17] [18] [19] [20] As such, the σ DC /σ op (FoM e ), given by Equation (1) , is maximized:
In many industrial applications, a potential TCE with T > 90% and R s < 100 Ω sq −1 is required, leading to a mini mum FoM e of 35. Despite indium tin oxide (ITO) possessing a FoM e as high as 220 (R s < 10 Ω sq −1 , while T > 85%), [15] its intrinsic brittleness coupled with costs and high-temperature processing render ITO unlikely to be the material of choice for future transparent energy-storage devices. Said otherwise, in the frame of scalable application of transparent, flexible supercapacitors, TCE should be simultaneously capable of storing charge and transporting current efficiently, even in a distorted configuration. Although flexible thin films made of metal or metal nanowires (i.e., silver) demonstrated a FoM e of up to 500, [15] their poor capacitive performances resulted in low C v (low FoM c ). On the other hand, while thin films made of single-walled carbon nanotubes (SWCNTs), chemically modified graphene, conducting polymers or their composites, etc., have shown either good FoM e or relatively high C v , [19, [21] [22] [23] few have shown high values of both FoMs, not to mention outstanding electrochemical performance in practical devices.
Recently, a large class of 2D metal carbides and nitrides called MXenes have emerged. MXenes have the formula of M n+1 X n T x , where n = 1, 2, or 3, M is an early transition metal, X is C and/ or N, and T is a terminating group. [24] [25] [26] By selectively etching the A element (typically aluminum, Al, or gallium, Ga) from their ternary carbide precursors in a hydrofluoric acid (HF)containing aqueous medium, multilayered (m-) MXenes terminated with oxygen (-O), hydroxyl (-OH), and/or fluoride (-F) groups are obtained. [27, 28] Upon solvent intercalation and shaking or sonication, the m-MXene can be delaminated (d-) into predominantly single nanosheets, forming a colloidal d-MXene solution. [29] [30] [31] Among >20 MXenes that have already been discovered, titanium carbide (Ti 3 C 2 T x ) is the most widely studied, with numerous applications such as supercapacitors, [26] Li-ion batteries, [32] electromagnetic-interference shielding, [33] and water desalination, [34, 35] already reported. Sonicated Ti 3 C 2 T x flakes have also been employed for fabrication of TCEs, [36] [37] [38] showing a low FoM e .
Here, we report on advanced Ti 3 C 2 T x TCEs and the corresponding state-of-the-art solid-state supercapacitor devices. Through spin-casting of colloidal solutions of Ti 3 C 2 T x nanosheets, followed by vacuum annealing at 200 °C, highly ordered, continuous films were obtained which are made of large Ti 3 C 2 T x flakes aligned parallel to the substrate. Such an architecture ensures the formation of a conductive network, demonstrating bulk-like conductivity behavior and free from notorious percolation problems. Consequently, the Ti 3 C 2 T x films function efficiently as both a transparent conductor and an active material for capacitive energy storage, showcasing excellent optoelectronic properties and impressive volumetric capacitance, respectively. The devices, symmetric or asymmetric, were assembled through a facile sandwiching process (Scheme 1), and demonstrated long lifetime, high transparency, high energy, power density, etc., which are superior to all other reported transparent supercapacitor devices. Ti 3 C 2 T x MXene has shown remarkable electronic conductivity and electrochemical performances, [36, 39] and thus is ideal for fabricating powerful transparent supercapacitors. We synthesized Ti 3 C 2 T x by selective etching of its precursor as described in the supporting information (Figure S1, Supporting Information) and delaminated the etched powder to form a colloidal solution of Ti 3 C 2 T x flakes via the mild exfoliation route [26, 40] (manual shaking) of the filtrated cake in deionized water (Video S1 in the Supporting Information). The resulting colloidal solution contained Ti 3 C 2 T x single sheets with a lateral size of a few micrometers (Figure 1a) . The lattice symmetry of the flake in the selected area electron diffraction (SAED, Figure S2a , Supporting Information) is in good agreement with previous reports on MXene structure. [40] No Al was detected in the energy-dispersive (EDX) spectrum ( Figure S2b Figure S3 (Supporting Information), in good agreement with the previous report. [40] Upon spin-casting the colloidal solution, followed by annealing at 200 °C under vacuum, transparent, conductive Adv. Mater. 2017, 29, 1702678 Scheme 1. Schematic demonstration of Ti 3 C 2 T x MXene-based transparent, flexible solid-state supercapacitor fabrication. Ti 3 C 2 T x MXene film was made by spin-casting of MXene colloidal solution on a PET substrate (top left scheme). Silver paint was coated onto one of the edges of the Ti 3 C 2 T x film, followed by the coating of nail polish and gel electrolyte (top middle scheme). The nail polish was used to prevent the contamination of silver connection from the gel. The films were then sandwiched into supercapacitors (top right scheme) and naturally dried before tests. Symmetric supercapacitors were constructed by sandwiching two gel electrolyte-covered Ti 3 C 2 T x films, as shown in the bottom right scheme. For the asymmetric supercapacitors, a film of Ti 3 C 2 T x was sandwiched with a SWCNT film. www.advmat.de www.advancedsciencenews.com Ti 3 C 2 T x films were produced, as shown in Figure S4a (Supporting Information). We controlled the thickness and therefore the transmittance of the films by adjusting the volume cast onto glass or poly(ethylene terephthalate) (PET) substrates and/or the spinning speeds ( Figure S4b -f, Supporting Information). We selected a T = 91% film as typical sample and reported their morphological and structural characterizations. The top-view and cross-sectional SEM images in Figure 1c ,d collectively demonstrate a continuous coverage of the substrate without protruding corners of flakes, indicating the orientation of Ti 3 C 2 T x flakes parallel to the substrate. This was confirmed by AFM and X-ray diffraction (XRD). As shown in Figure 1e , the flakes are compactly packed, and the height variations are within nanometers ( Figure 1f ). The XRD pattern of the T = 91% film in Figure S5 (Supporting Information) shows a high intensity for the (002) peak, suggesting the flakes align parallel to the substrate under the effect of the shear force. [36] A Raman spectrum of a typical sample is shown in Figure S6 (Supporting Information), revealing characteristic peaks typical of Ti 3 C 2 T x . [41] We then studied the optoelectronic properties of the Ti 3 C 2 T x films. The transmittance spectra of various films are relatively featureless (Figure 2a) , showing a broad peak in the visible region as the films become thicker. The film thickness was estimated as described below and is shown in Figure S7a (Supporting Information). We plotted the transmittance (T) at 550 nm as a function of R s and compared our Ti 3 C 2 T x to other transparent thin films, as shown in Figure 2b . At T = 95%, the R s of Ti 3 C 2 T x reaches 1032 Ω sq −1 . While this value is higher than that of the previously reported poly(3,4-ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS) films (256 Ω sq −1 ), [16] it is substantially lower than some other TCEs in a similar transmittance region, as seen in Figure 2b . The high T coupled with low R s gives Ti 3 C 2 T x excellent optoelectronic properties compared to most other transparent, conductive thin films. For example, at T = 87%, the sheet resistance of Ti 3 C 2 T x (201 Ω sq −1 ) is much lower than that of PEDOT/SWCNT (861 Ω sq −1 ) [21] or P3-SWCNT (3814 Ω sq −1 ). [18] Graphene, in comparison with MXene, in either its chemically modified or pristine state, exhibits substantially inferior optoelectronic properties to that of Ti 3 C 2 T x in this work. For instance, the R s reached 10 492 Ω sq −1 in chemically modified graphene oxide films at T = 80%, [42] and as high as 2.7 × 10 5 Ω sq −1 in liquid-exfoliated graphene flakes at T = 92%. [43] To obtain the FoM e for all the studied thin films, we fitted the data in Figure 2b using Equation (1) . For other films, such as nanotubes, [18] nanowires, [15] and graphene nanosheets, [43] the measured values deviate apparently from the fitted curve in the high-transparency region, indicative of percolation effects. For potential incorporation into transparent electronics, percolation behavior is undesirable and should be avoided. [18] Interestingly, the Ti 3 C 2 T x films follow bulk-like behavior (the fitted line) quite well, relatively independent of the film thickness. By plotting the T −0.5 − 1 as a function of R s , we are able to verify that the bulk-like conductivity behavior applies to the material in the whole range of transmittance. As shown in Figure 2c , all measured data points are roughly on the fitted bulk-type DC conductivity curve. [16] We note such a bulk-like behavior is of significance and clearly distinguishes our results from the above-mentioned thin films, as well as previously reported Ti 3 C 2 T x films, which demonstrated apparent percolation in the films with T > 90%. [36, 38] In other words, the technologically viable devices based on our Ti 3 C 2 T x thin films would operate in the bulk-like regime, in which the DC conductivity is roughly independent of T. Since the thickness, t, of the highly transparent Ti 3 C 2 T x films (T > 90%) could not be accurately measured from contact profilometry, we used Equation (2) to predict the thickness of all the above-mentioned films, if the optical conductivity, σ op , is known: [16] T t 1 188.5 op
The above equation can also be written as:
Equation (3) indicates that, when t is described as T −0.5 −1, the data should vary linearly. Fitting the data should give the slope, which equals to 188.5σ op . Therefore, we additionally prepared a number of relatively opaque films on glass substrates and measured their T and t, the latter was obtained by contact profilometry. As seen in Figure 2d , the thickness of these films ranges from 32 nm (T = 56%) to 155 nm (T = 16%). From the slope of the fitted line, we obtained the film's σ op to be 520 ± 40 S cm −1 . Notably, this value is substantially higher than that of PEDOT:PSS (24 S cm −1 ) [16] and similar to the σ op of graphene films (420 [43] and 500 S cm −1 [44] ). Using σ op = 520 S cm −1 and Equation (2), the thickness of any Ti 3 C 2 T x -based thin films could be calculated. Figure S7a (Supporting Information) summarizes all the calculated thicknesses of the above-mentioned Ti 3 C 2 T x films, which were used for the rest of the study, unless specifically noted. Figure 2e is the sheet resistance data plotted as a function of film thickness. In general, R s scales inversely with t, a behavior which is usually seen in bulk material (illustrated by the dashed line). [15] Impressively, our Ti 3 C 2 T x films display a DC conductivity ranging from 3450 to 9880 S cm −1 ( Figure S7b ,c, Supporting Information) with almost no percolation problems. According to Dillon et al., [36] the sheet conductance of the Ti 3 C 2 T x films decreased by three times upon transferring the films from a dry N 2 environment to humid air, due to water adsorption and intercalation between MXene sheets. Based on this, it is reasonable to anticipate that the intrinsic DC conductivity of our Ti 3 C 2 T x thin films is higher than the measured and reported value, since we conducted all the tests in ambient conditions. The FoM e obtained through fitting the T versus R s data in Figure 2b is 15. Apart from PEDOT:PSS [16] and silver nanowires, [15] which possess conductivity ratios of 39 and 500, respectively, the current FoM e of Ti 3 C 2 T x film (Table S2 , Supporting Information) has surpassed all other graphene, SWCNT, or SWCNT/conductive polymer thin films, [18, 19, 42, 45, 46] as shown in Figure 2f . Sonicating the Ti 3 C 2 T x colloidal solution gives flakes with similar thickness single sheets ( Figure S9 , Supporting Information) but with much smaller lateral size (<300 nm, Figure S8 , Supporting Information), consequently, the FoM e is much lower (1.7) and of the same order of magnitude as previously reported Ti 3 C 2 T x films, [36] as seen in Figure S10 (Supporting Information). We also produced Ti 2 CT x colloidal solution ( Figure S11 www.advmat.de www.advancedsciencenews.com S12, Supporting Information). The FoM e in these small-flakes Ti 2 CT x (S-Ti 2 CT x ) reaches 0.5 ( Figure S10a , Supporting Information), a value comparable to the best transparent graphene films. [47] Direct comparison of these samples suggests that the Ti 3 C 2 T x films produced through the manual shaking (no sonication) approach result in the best optoelectronic properties. Through optimizing the synthesis conditions and controlling the type/amount of surface functionalities, further improvement of DC conductivity is expected. Considering the route to film fabrication is facile, cost-effective, and scalable, it is reasonable to assume that the Ti 3 C 2 T x films may indeed meet the requirement for future transparent conductors.
Shown in
Next we studied the electrochemical properties of the Ti 3 C 2 T x films with various transmittance (Figure S13 , Supporting Information), which were fabricated on glass substrates, in a three-electrode setup. The cyclic voltammograms (CVs) of a T = 91% film at 20 and 200 mV s −1 in Figure S14a (Supporting Information) show a quasirectangular shape with a Coulombic efficiency of 100%, indicating that Ti 3 C 2 T x films behave well as a supercapacitor material, similar to thick MXene "clay" electrodes. [48] [49] [50] The broad CV peak in the range −0.15-0.2 V (vs Ag/AgCl) could be attributed to the valence change of Ti + induced by the reversibly bonding/debonding of hydronium to the O-groups terminated on the Ti 3 C 2 T x , as previously monitored by in situ Raman spectroscopy [51] and X-ray adsorption spectroscopy. [52] Normalized CVs of different films are shown in Figure 3a; and Figure S14b -d, Supporting Information. For the T = 91% sample, the quasirectangular CV shape is maintained up to 500 mV s −1 (i.e., a charge-discharge time of 1.3 s), indicating high-rate electrochemical responses have been achieved in the transparent Ti 3 C 2 T x films. Figure 3b compares the normalized CV curves of various films at 100 mV s −1 . As the film becomes thicker, the enclosed area broadens, coupled with a more rapid response upon voltage reversal, best seen in the gradual shifting of the peak position to a more negative potential. The measured areal capacitances (referred to as C/A) of various films at different scan rates are presented in Figure 3c . Also included are fittings of C/A based on Equation (4): [6] 
where τ = R ESR C is the time constant, ∆V is the voltage window (0.65 V), ν is the sweep rate, and C A is the intrinsic areal capacitance, which is ideally achieved in the absence of electron transport or ion diffusion limitations across the transparent films. [16] The above model substantially simplifies the , and compared to other transparent film systems. The dashed lines are obtained by fitting the capacitance using Equation (5) . Detailed values are presented in Table S3 (Supporting Information). f) Comparison of volumetric capacitance of Ti 3 C 2 T x , which is obtained from (d), to other transparent film systems, whose values can be found in Table S4 (Supporting Information) .
www.advmat.de www.advancedsciencenews.com complex electrochemical behavior of the electrode and provides valuable insights into the overall behavior of the thin films. [6] The T = 98% exhibits 0.13 mF cm −2 at 10 mV s −1 , a value close to PEDOT:PSS transparent films with a similar T, however, it is substantially higher than that of transparent films made of graphene quantum-dots (T = 93%, 9.1 µF cm −2 ). [45] Increasing the film thickness to 60 nm (T = 40%) results in much higher capacitances. For example, comparing to the T = 98%, the C/A boosts by 26 and 150 times, reaching 3.4 and 3.0 mF cm −2 in the T = 40% sample at 10 and 200 mV s −1 , respectively. The differences in the rate handling of these two films could be well attributed to the substantially higher sheet resistance (1238 Ω sq −1 ) in the former, in contrast to 22 Ω sq −1 in the latter. The electrochemical impedance spectroscopy (EIS) spectra in Figure S15 (Supporting Information) also support that the T = 98% sample exhibited a much higher equivalent series resistance (ESR) than the rest of the films, leading to a lower C A (Figure 3c ) and larger time constant (8 s) than other Ti 3 C 2 T x films (≈0.6 s), as shown in Figure 3d ; and Figure S16 (Supporting Information). By correlating R s with the time constant for each film, it quickly becomes evident that the electronic transport across the transparent films largely controls the time constant of the films (inset of Figure 3d ). Said otherwise, to ensure fast electrochemical responses in the Ti 3 C 2 T x films without electrical percolation problems, T = 91% seems to be optimum, as it exhibits high areal capacitance of 0.48 mF cm −2 and provides efficient pathways for electron transport, as demonstrated in Video S2 (Supporting Information).
The transmittances of Ti 3 C 2 T x films were plotted as a function of C A and compared to other TCEs, as shown in Figure 3e ; and Figure S17 (Supporting Information). At T > 90%, the region of interest for transparent devices, the C A displayed by our Ti 3 C 2 T x films are slightly lower than the values obtained for RuO 2 /PEDOT films, [6] but similar to PEDOT:PSS films, [16] and greatly exceed that of P3-SWCNT. [18] To quantify the capacitive charge storage ability of transparent films, we fitted the data in Figure 3e according to Equation (5):
where, C V /σ op is FoM c , C V is volumetric capacitance (F cm −3 ). A good fit of Ti 3 C 2 T x films is revealed with a FoM c of 1.3 F S cm −2 , a value between 0.3 F S cm −2 for P3-SWCNT and 1.9 F S cm −2 for PEDOT:PSS. [16, 18] Assuming that the optical conductivity is constant for all the films studied, we thus obtained a volumetric capacitance of 676 F cm −3 in the Ti 3 C 2 T x , which is substantially higher than other transparent thin films, as shown in Figure 3f . For instance, in a similar thickness region, values of only 30 F cm −3 for wrinkled graphene, [20] ≈50 F cm −3 for PEDOT:PSS [16] or SWCNT, [18, 53] 130 F cm −3 for MWCNT [54] and 160 F cm −3 for MWCNT/graphene composite films were achieved. [55] The excellent volumetric capacitance further verifies the high efficiency of Ti 3 C 2 T x films in playing both the role of superior transparent conductor and high-performance supercapacitor electrode.
To explore the practical applications of the TCEs in portable, flexible energy-storage devices, we integrated the Ti 3 C 2 T x films into transparent, flexible solid-state supercapacitors (Scheme 1).
Photographs of the film, as well as a transparent device in flat and bent states are shown in Figure 4a and Scheme 1, respectively. Figure S18 (Supporting Information) displays the transmittance spectra of a single electrode and the symmetric device, revealing a T of about 80% in the latter, which is significantly higher than the transmittance of other reported supercapacitor devices based on cellulose nanofiber/rGO (T = 56%), [5] wrinkled graphene (T = 60%), [20] or graphene film (T = 69%), [56] etc. The normalized CV curves under different scan rates are presented in Figure 4b . The rapid current response upon voltage reversal, coupled with rectangular CV shapes up to 200 mV s −1 , indicate highly capacitive behavior and excellent power handling properties in the device. The symmetric sloping galvanostatic charge-discharge (GCD) curves in Figure 4c also support this point. The C/A of the transparent solid-state supercapacitor were calculated from CVs and GCD profiles, and are presented in Figure 4d . The resultant C/A values from the two approaches are comparable, exhibiting 0.86 mF cm −2 at 2 µA cm −2 and maintaining 94% of initial capacitance as the current density increased by 16 times, indicative of high-rate response. Figure 4e compares the C/A of various transparent films. Unlike graphene-based transparent devices, whose C/A (or T) were achieved at the cost of T (or C/A), [5, 20, 45, 56, 57] a good combination of both high T and C/A has been achieved in our Ti 3 C 2 T x -based device. Although similar capacitance values were reached in the RuO 2 /PEDOT films, [6] the cost and toxicity of RuO 2 greatly limit its potential for practical use in TCEs. [13] The lifetime of the symmetric device was evaluated through GCD measurements (Figure 4f ). 95% of initial capacitance was retained after 24 000 cycles. Typical GCD curves during cycling are shown in the inset of Figure 4f ; and Figure S19 (Supporting Information), based on which the Coulombic efficiency was determined to be ≈100%, implying the excellent performances are not due to other parasitic reactions. [26] By pairing two electrodes with different potential windows, the voltage window of the asymmetric device can be widened, [6, [58] [59] [60] thus enhancing the energy density of the device. Here we fabricated a SWCNT film via an aerosol-jet spraying technique and paired it up with Ti 3 C 2 T x film (T = 91%) to form a solid-state asymmetric device. The transmittance spectra of the typical SWCNT electrode, as well as the asymmetric device, are shown in Figure S20 (Supporting Information), revealing a T of 82% and 72%, respectively. Figure 5a shows the CVs of the asymmetric device under different voltage windows. The quasirectangular CV shape has been well maintained in the range of 0-1 V, above which a sharp CV tail starts to evolve with relatively low Coulombic efficiency (95%, Figure S21 , Supporting Information). Therefore, the asymmetric device was cycled within 0-1 V, as demonstrated in Figure 5b . The box CV shape is clearly visible at scan rates up to 500 mV s −1 , suggesting both capacitive behavior, good rate capability and reversible redox/ double-layer capacitance in the asymmetric device. This is also confirmed by the small CV peaks and sublinear GCD curves (Figure 5b,c) . Consequently, the areal capacitance is enhanced to 1.4 mF cm −2 at 4 µA cm −2 , and maintained at 0.5 mF cm −2 as the current density was elevated by 12 times, showcasing somewhat inferior rate handling to the symmetric device (Figure 4f,g) . However, by further optimization, such as introducing redox pairs with higher capacitance, [61] or controlling the thickness of the films to better balance the charge across the two electrodes, [7, 58, 60, 62] higher capacitance coupled with improved rate performance may be envisaged.
Energy and power densities of the MXene-based transparent devices were further calculated, and compared to that of the reported transparent supercapacitors. As shown in Figure 5e , both the power density and energy density in the asymmetric configuration have been substantially improved compared to the symmetric device. For example, the highest energy density has been improved by ≈5-fold, reaching 0.05 µWh cm −2 at a power density of 2.4 µW cm −2 in the asymmetric device, which is enough to power burst communication or other related products. [18] Actually, the energy density of the asymmetric device has outperformed other transparent supercapacitors based on PEDOT:PSS, [6, 16] graphene quantum-dot, [45] or reduced multilayer graphene oxide thin films, [63] etc. [23] Moreover, the asymmetric device demonstrates excellent long-term cycling stability. As demonstrated in Figure 5f , the capacitance gradually increases over the course of 20 000 cycles with excellent Coulombic efficiency (100%). The increased capacitance probably stems from the improved access to deep sites between MXene sheets so that more active sites become available for capacitive charge storage during cycling. [6] The electrochemical performance of the transparent solid-state supercapacitors clearly indicates the potential of highly transparent, conductive Ti 3 C 2 T x .
In summary, we have produced highly ordered Ti 3 C 2 T x transparent films. These films, made of compact, large flakes aligned parallel to the substrate, have demonstrated outstanding optoelectronic properties, such as high transmittance, high DC conductivity with bulk-like behavior, good figure of merit, etc. and are free from percolation issues. These properties render the films efficient as both a transparent conductor and as the active material for high-performance capacitive charge storage, including high areal and volumetric capacitances (0.48 mF cm −2 and 676 F cm −3 , respectively) in the supercapacitor electrode, with long lifetime, high energy density and good power handling in prototype all-solid-state devices. Undoubtedly, through further optimization of the MXene synthesis, selection of MXene composition, and/or tuning the properties of the flakes, the optoelectronic and electrochemical properties of the MXene-based films and devices could be further improved.
On the fundamental side, these findings show that transparent films can be engineered based on metallic, 2D materials with excellent optoelectronic and flexible properties, in sharp contrast to most other transparent electrodes, in which either flexibility or conductivity issues were encountered. On the practical side, the strategy we adopted here is facile, cost-effective, and sustainable. The achieved volumetric capacitance and prototype performance show that the flexible Ti 3 C 2 T x films hold great promise in many areas, such as touch screens, displays, 
Experimental Section
Experimental details including MXene synthesis, films fabrication, detailed optoelectronic properties of handshaken and sonicated Ti 3 C 2 T x films, and their transmittance spectra are listed in the Supporting Information.
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Supporting information is available from the Wiley Online Library or from the author. Table S6 (Supporting Information). f) Cycling stability of the asymmetric device at 32 µA cm −2 (the inset shows the typical GCD curves upon cycling).
